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Abstract
Objective: Childhood and adolescent overweight, defined by body mass index (BMI) are associated with an increased risk of
cardiovascular disease in later life. Abdominal adiposity may be more important in associations with cardiovascular diseases
but waist circumference (WC) has been rarely studied in children. We studied associations between BMI and WC and blood
pressure (BP) and cholesterol in 12-year-old children and prospectively changes in BMI or WC status between age 8 and 12
years and BP and cholesterol at age 12.
Study Design: Weight, height, WC, BP and cholesterol concentrations were measured in 1432 children at age 12 years.
Linear regression was used to study the associations between high BMI and large WC (.90th percentile) and BP and
cholesterol.
Results: Systolic BP was 4.9 mmHg higher (95% (CI 2.5, 7.2) in girls and 4.2 mmHg (95%CI 1.9, 6.5) in boys with a high BMI.
Large WC was also associated with higher systolic BP in girls (3.7 mmHg (95%CI 1.3, 6.1)) and boys (3.5 mmHg (95%CI 1.2,
5.8)). Diastolic BP and cholesterol concentrations were significantly positively (HDL cholesterol negatively) associated with
high BMI and large WC, too. Normal weight children with a history of overweight did not have higher blood pressure levels
or adverse cholesterol concentrations than children that were normal weight at both ages.
Conclusion: A high BMI and large WC were associated with higher BP levels and adverse cholesterol concentrations. WC
should be taken into account when examining cardiovascular risk factors in children.
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Introduction
Overweight during childhood increases the risk of cardiovascu-
lar diseases later in life [1–4]. This is probably due to the tracking
of childhood and adolescent obesity into adulthood [5]. Besides
that, already in children, overweight is associated with higher
blood pressure (BP) levels and adverse cholesterol concentrations
[6–12]. WC might more specifically reflect adiposity than BMI
which reflects both lean and fat mass [13], and in addition, fat
distribution may be more important for cardiovascular diseases.
However, the question whether WC is more strongly associated
with cardiovascular risk than BMI in children is still unresolved
[6,11,12,14]. Previous studies mainly focused on cross-sectional
relations between BMI and cardiovascular risk factors, whereas the
effect of persistence or remission of overweight on levels of
cardiovascular risk factors remained under studied. We hypoth-
esize that longer duration of overweight puts children at increased
risk of overweight-related health outcomes, like in adults [15]. We
examined the association between high BMI and large WC on one
hand and BP and cholesterol concentrations on the other hand in
12-year-old children. We also compared the relative influence of
BMI and WC in the associations with BP and cholesterol. Besides
that, we also studied BP and cholesterol at age 12 years in children
who lost, gained or maintained a high BMI or large WC between
the ages of 8 and 12 years as compared to children with normal
BMI or WC at both ages.
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Methods
Ethics Statement
This research was performed in accordance with the ethical
principles for medical research involving human subjects outlined
in the Declaration of Helsinki. Therefore, the study protocol was
approved by the Medical Ethics Committees of the participating
institutes (Rotterdam, start project MEC 132.636/1994/39 and
137.326/1994/130; Groningen, start project MEC 94/08/92;
Utrecht, start project MEC-TNO oordeel 95/50; Utrecht 12 years
07–337/K). All parents and the children gave written informed
consent.
Study Design
The children in this study are participants of the Prevention and
Incidence of Asthma and Mite Allergy (PIAMA) birth cohort study
and were born in 1996–1997. A detailed description of the study
design has been published previously [16]. The mothers were
recruited from the general population during pregnancy visiting
one of 52 prenatal clinics. Postal questionnaires were sent to the
parents during pregnancy, at the child’s ages of 3 and 12 months,
and yearly thereafter up to the age of 8 years. At the child’s age of
11 years the parents received a questionnaire and a separate
questionnaire was sent to the children. A medical examination
took place during a home visit at age 12 years. For the medical
examination at the age of 8 years children were invited to the
hospital, local health centers or a home visit. The study protocol
was approved by the medical ethics committees of the participat-
ing institutes and all parents gave written informed consent.
Study Population
At baseline, the cohort consisted of 4146 pregnant women, 183
being lost to follow-up before any data of the child had been
collected, thus the study started with 3963 newborns. At the age of
11 years 3541 children were still in the study and received a
questionnaire. (Figure 1: Flow diagram) Questionnaires were
returned by 2656 children and 2668 parents. For the medical
examination, 3202 children were invited. 1511 children agreed to
participate. Finally, the medical examination, including anthro-
pometric measurements and BP measurements, was performed in
1432 children. Blood samples were taken from 1293 children, and
cholesterol concentrations were available for 1285 children. Not
everyone had all outcome measures available; this resulted in
slightly different numbers of children in the analyses regarding BP
and cholesterol concentrations. One child was excluded from the
analyses with cholesterol because of very unlikely total and HDL
cholesterol concentrations.
1215 children participating in the medical examination at 12
years also participated in the medical examination of 8-year-olds.
This resulted in 1156 children for the analyses of BMI and WC at
age 8 and 12 years with BP, and 994 children for the analyses with
cholesterol concentrations.
Exposure Measures: Weight, Height and WC
The measurements during the medical examination were
performed by trained research staff using calibrated measuring
equipment. WC was measured midway between the lowest rib and
the iliac crest. WC (cm) was measured twice and rounded at one
decimal, the mean of the two waist measurements being used in
Figure 1. Flow chart.
doi:10.1371/journal.pone.0051801.g001
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the analyses. Weight was measured at the nearest 0.1 kg and
height (cm) was measured at one decimal. All anthropometric
variables were measured while the children were wearing
underwear only. The same procedures were followed at ages 8
and 12 year. BMI was calculated as weight in kilograms divided by
height squared in meters (kg/m2).
Z-scores of BMI and WC for age and gender were calculated by
using the reference growth curves of the Dutch Fourth nationwide
Growth Study [17]. We divided the children in two categories in
our analyses, separately for WC and BMI, and for girls and boys,
based on the distribution of the BMI z-score and the WC z-score;
1) above the 90th percentile (high BMI, large WC) and 2) equal to
or below the 90th percentile, which we call ‘normal’. A ‘high’ BMI
corresponds to a BMI z-score of 1.44 in girls and 1.55 in boys. A
‘large’ WC corresponds to a WC z-score of 1.46 in girls and 1.43
in boys. Overweight and obesity were defined according to
standard international definitions (IOTF), specified for age and
gender [18].
Outcome Measures: BP and Cholesterol Concentrations
BP was measured using automatic BP meters (Omron M6
(Omron Healthcare Europe BV, Hoofddorp, the Netherlands).
Cuff-sizes of either 15–22 (small) or 22–32 cm (normal) were used
dependent on the mid-upper arm circumference. The cuff was
placed at the non-dominant arm. Systolic and diastolic BP were
measured at least two times with 5 minutes intervals according to
the standard protocol while the child was seated and with the arm
resting on their legs. We used the mean of the measures.
Serum total and HDL cholesterol concentrations were deter-
mined enzymatically using Roche automated clinical chemistry
analyzers (Roche Diagnostics, Indianapolis). Additionally the ratio
between total and HDL cholesterol was calculated (total-to-HDL
cholesterol ratio).
Potential Confounders
Potential confounders considered included the child’s height
and exact age at the time of clinical examination, birth weight,
Table 1. General characteristics of the study population,
separately for girls and boys.
Girls n =732 Boys n=700
Mean (sd) Mean (sd)
Age (year) 12.7 (0.4) 12.7 (0.4)
Weight (kg) 48.9 (9.4) 47.5 (9.2)
Height (cm) 160.5 (7.2) 159.5 (8.2)
Waist circumference (cm) 66.1 (6.5) 66.8 (6.8)
BMI (kg/m2) 18.9 (2.7) 18.6 (2.6)
Weight z-score 0.12 (1.0) 0.18 (1.0)
Height z-score 0.21 (1.0) 0.13 (1.0)
Weight for height z-score 20.13 (1.0) 0.11 (1.1)
BMI z-score 0.05 (1.1) 0.19 (1.1)
WC z-score 0.26 (0.9) 0.08 (1.0)
Birth weight (g) 3466 (505) 3600 (543)
Systolic blood pressure (mmHg) 114 (9.5) 115 (8.9)
Diastolic blood pressure (mmHg) 67 (6.3) 67 (6.6)
Puberty development scale * 1.8 (0.6) 1.3 (0.3)
Total cholesterol (mmol) 4.1 (0.6) 4.0 (0.7)
HDL cholesterol (mmol) 1.4 (0.3) 1.4 (0.3)
Total-to-HDL cholesterol ratio 3.1 (0.7) 3.1 (0.8)
HbA1c (mmol/mol) 32 (2.4) 32 (2.2)
n (%) n (%)
Overweight (including obesity) 80 (11.0) 79 (11.3)
Obesity 6 (0.8) 8 (1.2)
BMI category 8 and 12 years
Normal-normal 550 (88.0) 505 (87.8)
High-normal 23 (3.7) 13 (2.3)
Normal-high 16 (2.6) 27 (4.7)
High-high 36 (5.8) 30 (5.2)
WC category 8 and 12 years
Normal-normal 538 (86.1) 494 (85.9)
High-normal 29 (4.6) 21 (3.7)
Normal-high 24 (3.8) 23 (4.0)
High-high 34 (5.4) 37 (6.4)
Systolic blood pressure .130 mmHg** 45 (6.2) 36 (5.2)
Diastolic blood pressure .85 mmHg** 1 (0.1) 3 (0.4)
HDL cholesterol ,1.03 mmol** 85 (13.4) 88 (13.7)
Maternal overweight before pregnancy 113 (15.5) 122 (17.5)
Maternal education
Low 122 (16.8) 120 (17.2)
Intermediate 316 (43.6) 276 (39.6)
High 287 (39.6) 301 (43.2)
Maternal smoking 106 (14.6) 86 (12.3)
Allergic mother *** 243 (33.4) 222 (31.9)
Watching TV
#1 day/week 44 (6.2) 41 (6.0)
2–4 days/week 103 (14.4) 81 (5.8)
5–6 days/week 133 (18.6) 116 (17.1)
daily 436 (60.9) 442 (65.0)
Computer
Table 1. Cont.
Girls n =732 Boys n=700
Mean (sd) Mean (sd)
#1 day/week 98 (13.7) 41 (6.0)
2–4 days/week 278 (38.9) 195 (28.7)
5–6 days/week 205 (28.6) 184 (27.1)
daily 135 (18.9) 260 (38.2)
Region ****
North 255 (35.1) 204 (29.3)
West 305 (42.0) 334 (47.9)
Middle 167 (23.0) 159 (22.8)
*The PDS ranges from 1 to 5 where a score of 1 indicates that puberty has not
started yet and a score of 5 indicates that the puberty development seems
complete. [19].
**The International Diabetes Federation provides thresholds for defining
children at risk of future cardiovascular disease for HDL cholesterol and blood
pressure. [28].
***Allergic mother: $1 time yes to ‘ever asthma’, ‘allergy to pets’, ‘allergy to
house dust mite’, or ‘nose allergy like hay fever’.
****Regions: North: provinces Groningen, Friesland, Drenthe; West: region of
Rotterdam; Middle: provinces Utrecht and Gelderland.
doi:10.1371/journal.pone.0051801.t001
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maternal education (low, intermediate and high education),
maternal overweight before pregnancy (BMI $25 kg/m2), mater-
nal smoking during pregnancy, TV watching and computer time
(times per week) reported in the child questionnaire around 11
years, and pubertal development scale (PDS) (assessed by child
report [19]).
Statistical Analyses
General characteristics of the study population were calculated
for boys and girls separately. First, we performed linear regression
analyses with exposure (BMI and WC) and outcome (BP and
cholesterol) measures around the age of 12 years. A potential
confounder was included in the regression analyses when it
changed the association between the exposure and outcome
measures .10%. Three models were used in the regression
analyses: Model A: adjusted for cuff size (only in BP analyses) and
child’s age at time of the medical examination and Model B:
additional adjustment for PDS, maternal pre-pregnancy over-
weight and the child’s height. In model C we adjusted the two
exposure measures for each other to examine whether one the two
measures explained the associations most strongly. Thus, model C
was one model including BMI and WC and confounders. All
analyses were stratified for gender. Because BMI and WC are
highly correlated we performed a test of colinearity by determining
the variance inflation factor for BMI and WC in model C. The
variance inflation factors ranged from 1.6 to 2.0, suggesting no
colinearity.
Second, linear regression analyses were performed with BMI
and WC at age 8 and 12 years and outcome measures at age 12
years. For this purpose subgroups were created; children with a
high BMI or large WC at both ages (‘high-high’), children with a
high BMI or large WC at age 8 and a normal BMI or WC at age
12 years (‘high-normal’) and children with a normal BMI/WC at
age 8 and a high BMI or large WC at age 12 years (‘normal-high’)
were compared with children with a normal BMI or WC at both
ages (‘normal-normal’). These analyses were equal to the analyses
previously performed regarding stratification and adjustment. To
study whether BMI or WC had a larger role in the associations
with BP and cholesterol we used model C including both
measures. We included the high-high, high-normal, and normal-
high groups of BMI and of WC in one model, together with the
Table 2. Associations between high BMI and large WC and systolic and diastolic blood pressure in 1375 12-year-old girls and boys.
Blood pressure Girls n =706 Boys n=669
Systolic BP Diastolic BP Systolic BP Diastolic BP
b 95% CI b 95% CI b 95% CI b 95% CI
BMI 90th centile
Model B 4.85 (2.49, 7.21) 2.44 (0.79, 4.09) 4.20 (1.94, 6.47) 3.39 (1.64, 5.13)
Model C 3.30 (0.70, 5.89) 1.60 (20.22, 3.42) 1.51 (21.06, 4.07) 1.60 (20.69, 3.58)
WC 90th centile
Model B 3.71 (1.31, 6.12) 1.96 (0.28, 3.63) 3.50 (1.18, 5.81) 3.89 (2.12, 5.66)
Model C 1.31 (21.21, 3.83) 0.93 (20.85, 2.71) 0.32 (22.15, 2.79) 2.98 (1.04, 4.92)
BMI: body mass index, WC: waist circumference, BP: blood pressure.
Model B: adjusted for cuff size, pre-pregnancy maternal overweight, puberty development scale, age at the time of the measurements, height.
Model C: additionally adjusted for WC (in BMI analyses) and BMI (in WC analyses).
doi:10.1371/journal.pone.0051801.t002
Table 3. Associations between high BMI and large WC and total and HDL cholesterol concentrations and total-to-HDL cholesterol
ratio in 1168 12-year-old girls and boys.
Cholesterol Girls n =581 Boys n=587
Total cholesterol HDL cholesterol
Total-to-HDL
cholesterol ratio Total cholesterol HDL cholesterol
Total-to-HDL
cholesterol ratio
b 95% CI b 95% CI b 95% CI b 95% CI b 95% CI b 95% CI
BMI 90th
centile
Model B 0.03 (20.14, 0.20) 20.16 (20.24, 20.08)0.49 (0.29, 0.69) 0.44 (0.26, 0.61) 20.21 (20.29, 20.13)0.94 (0.73, 1.15)
Model C 20.13 (20.32, 0.07) 20.06 (20.15, 0.03) 0.11 (20.12, 0.33) 0.17 (20.04, 0.38) 20.07 (20.17, 0.03) 0.40 (0.14, 0.65)
WC 90th
centile
Model B 0.16 (20.01, 0.33) 20.18 (20.26, 20.10)0.66 (0.46, 0.86) 0.63 (0.46, 0.81) 20.19 (20.27, 20.11)1.06 (0.85, 1.28)
Model C 0.11 (20.08, 0.30) 20.11 (20.19, 0.02) 0.44 (0.22, 0.66) 0.51 (0.31, 0.71) 20.07 (20.16, 0.03) 0.68 (0.44, 0.92)
BMI: body mass index, WC: waist circumference, HDL: high density lipoprotein.
Model B: adjusted for pre-pregnancy maternal overweight, puberty development scale, age at the time of the measurements, height.
Model C: additionally adjusted for WC (in BMI analyses) and BMI (in WC analyses).
doi:10.1371/journal.pone.0051801.t003
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confounders. All analyses were performed with SAS software
version 9.2 (SAS Institute, Inc., Cary, NC).
To test whether BMI or WC was associated more strongly with
BP and cholesterol concentrations, we used the following
procedure to estimate confidence intervals for the difference in
the associations of BMI and WC. 1000 bootstrap replications were
performed to estimate mean differences between estimates for
models with BMI and models with WC, and their confidence
intervals [20]. The mean difference between the estimates of
models with BMI and models with WC provides a test of
heterogeneity between the estimates of BMI and WC.
Results
The mean BMI z-score at 12 years of age was 0.05 in girls and
0.19 in boys and the mean WC z-score was 0.26 in girls and 0.08
in boys (Table 1). This means that on average, girls had similar
BMI and larger WC compared with the reference population and,
in contrast, that boys had higher BMI and similar WC than the
reference population. Children who maintained their high BMI
status had higher BMI at 12 years than children who changed
from normal BMI at 8 years to high BMI at 12 years. For
example, the mean BMI of girls in the ‘high-high’ BMI group was
25.4 kg/m2 compared with 23.9 kg/m2 in the ‘normal-high’
group, and in boys the mean BMI was 25.3 kg/m2 and 23.4 kg/
m2 in the two groups respectively. Similar results were found with
the WC groups. The mean (standard deviation (std)) systolic BP
was 114 mmHg (9.5) in girls and 115 mmHg (8.9) in boys and the
diastolic BP was 67 mmHg (6.3) in girls and 67 mmHg (6.6) in
boys. All children with a high BMI were overweight according to
the IOTF cut off points. A few children (18 boys and 29 girls) were
overweight according to the IOTF cut off points, but did not have
a BMI z-score above the 90th percentile.
BMI and WC in Relation to BP
In linear regression analyses we observed statistically significant
associations between high BMI and large WC and BP. Systolic BP
was 5.37 mmHg (95%CI 3.07, 7.66) higher in girls and
3.41 mmHg (95%CI 1.16, 5.68) higher in boys with a high BMI
than in girls and boys with normal BMI (Model A). A large WC
was associated with 4.30 mmHg (95%CI 1.95, 6.65) higher
systolic BP in girls and 3.88 mmHg (95%CI 1.55, 6.20) higher
systolic BP in boys (Model A). These associations changed
somewhat after adjustment for confounders in model B (Table 2).
After adjustment for the other exposure (BMI or WC) in model C
all associations became weaker; only the associations between BMI
and systolic BP in girls and WC and diastolic BP in boys remained
significant (Table 2).
BMI and WC in Relation to Cholesterol Concentrations
We found only significantly higher total cholesterol concentra-
tions in boys with a high BMI (0.36 mmol (95%CI 0.19, 0.53)) and
large WC (0.51 mmol (95%CI 0.34, 0.69)) (Model A), not in girls.
HDL cholesterol concentrations were significantly lower in boys
and girls with a high BMI and large WC after adjustment for
confounders (Table 3). In line with these results, total-to-HDL
cholesterol ratio was significantly higher in boys and girls with a
high BMI or a large WC in adjusted analyses in Model B (Table 3).
Similarly to the associations with BP, all associations between BMI
and WC and cholesterol measures became weaker after inclusion
of WC or BMI (Model C). The associations with WC seemed to
attenuate less after adjustment for BMI than the associations with
BMI after adjustment for WC.
Table 4. Associations between high BMI and large WC of 8-and-12-year old children and systolic and diastolic blood pressure in
12-year-old girls and boys compared with girls and boys with a normal BMI or WC at both ages (normal-normal).
Girls n =606 Boys n=550
Systolic BP Diastolic BP Systolic BP Diastolic BP
b 95% CI b 95% CI b 95% CI b 95% CI
BMI 90th centile
B High-Normal 22.71 (26.81, 1.40) 22.09 (25.02, 0.84) 2.27 (21.88, 6.43) 22.27 (25.47, 0.93)
Normal-High 2.47 (21.58, 6.53) 0.46 (22.44, 3.35) 3.00 (20.76, 6.75) 3.76 (0.87, 6.65)
High-High 5.42 (2.44, 8.40) 3.23 (1.10, 5.36) 4.86 (1.83, 7.89) 2.81 (0.48, 5.14)
C High-Normal 22.80 (27.38, 1.78) 22.04 (25.31, 1.23) 0.84 (23.55, 5.22) 23.59 (26.95, 20.23)
Normal-High 1.26 (23.38, 5.89) 20.16 (23.47, 3.14) 2.34 (21.71, 6.39) 2.46 (20.65, 5.57)
High-High 4.82 (0.32, 9.32) 3.01 (20.20, 6.23) 1.42 (22.71, 5.54) 20.46 (23.62, 2.71)
WC 90th centile
B High-Normal 0.84 (22.65, 4.32) 0.22 (22.27, 2.70) 1.56 (22.14, 5.27) 0.13 (22.73, 2.99)
Normal-High 3.68 (0.06, 7.30) 1.71 (20.87, 4.29) 1.81 (21.78, 5.43) 3.31 (0.53, 6.10)
High-High 4.21 (0.90, 7.52) 2.39 (0.03, 4.75) 6.53 (3.30, 9.76) 4.36 (1.87, 6.85)
C High-Normal 20.11 (24.25, 4.04) 20.29 (23.25, 2.67) 1.34 (22.54, 5.22) 1.05 (21.93, 4.03)
Normal-High 2.43 (21.72, 6.57) 1.27 (21.69, 4.22) 0.85 (23.08, 4.79) 2.64 (20.38, 5.65)
High-High 0.78 (24.04, 5.61) 0.33 (23.11, 3.77) 5.47 (1.04, 9.90) 5.03 (1.63, 8.42)
BMI: body mass index, WC, waist circumference, BP: blood pressure.
Model B: adjusted for cuff size, pre-pregnancy maternal overweight, puberty development scale, age at the time of the measurements, height.
Model C: additionally adjusted for WC (in BMI analyses) and BMI (in WC analyses).
doi:10.1371/journal.pone.0051801.t004
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Prospective Analyses of BMI and WC at Ages 8 and 12
Years
Children with a high-high BMI status had statistically signifi-
cantly higher BP levels at age 12 years than children with a
normal-normal BMI status (Table 4). Similarly, children with a
high-high WC status had statistically significantly higher BP levels
than children with a normal-normal WC status (Table 4). Girls
with a normal-high WC status had statistically significantly higher
systolic BP and boys with a normal-high WC status had statistically
significantly higher diastolic BP than children with a normal-
normal WC status. Children with a high-normal BMI or WC
status did not have higher BP at 12 years of age than children who
had a normal-normal BMI or WC status. The analyses with BMI
and WC in the same model showed that the associations between a
high-high BMI status and BP attenuated less in girls whereas the
associations between a high-high WC status and BP attenuated
less in boys specifically.
Significantly higher total cholesterol concentrations (boys only)
(0.53 mmol (95%CI 0.30, 0.77)), higher total/HDL cholesterol
ratio (boys: 0.98 (95%CI 0.69, 1.27); girls: 0.48 (95%CI 0.22,
0.75)), and lower HDL cholesterol concentrations (boys:
20.19 mmol (95%CI 20.30, 20.08); girls: 20.19 (95%CI
20.29, 20.09)) were found with high-high BMI status in adjusted
analyses (Model B) (Table 5). To a lesser extent and mainly in
boys, these associations were also present in the normal-high
group. Similar, but somewhat larger, estimates were found for the
associations between high-high WC status and cholesterol
outcomes. Children with a high-normal BMI or WC status did
not have more adverse cholesterol concentrations at 12 years of
age than children who had a normal-normal BMI or WC status.
After mutual adjustment for BMI and WC, generally the
associations with WC did hold, whereas the associations with
BMI attenuated substantially.
Using the bootstrap replications, we estimated whether the
estimates of BMI and WC with BP and cholesterol did statistically
significantly differ from each other. The results of these analyses
did not show statistically significant differences between BMI and
WC in relation to BP and cholesterol.
Discussion
First, we found statistically significant associations between a
high BMI and systolic and diastolic BP, and total (boys only) and
HDL cholesterol concentrations. We also found lower HDL
cholesterol and higher systolic BP, diastolic BP and total
cholesterol concentrations with increasing WC. Second, in our
study the associations of BMI and WC with BP and cholesterol
concentrations were similar. Third, our study suggests that normal
weight children with a history of overweight are not at increased
risk of higher BP levels and adverse cholesterol concentrations.
Strengths and Limitations
We studied the associations between BMI and WC and blood
pressure, and cholesterol concentrations in a large prospective
birth cohort. We were able to study several outcome measures in
relation to professionally measured weight, height and waist
circumference. In addition, we included the child’s BMI and WC
at age 8 years to examine whether persistence of high BMI or large
WC is important in associations with cardiovascular risk factors.
We did not have 8-year anthropometric measures of all children
used in cross-sectional analyses, but the results of the cross-
sectional linear regression analyses in the subgroup of children
with measurements at both ages were similar to those of the whole
group with data available at 12 years. The number of children in
the HN and NH subgroups in the prospective analyses might have
been too low to detect statistically significant differences, but the
results are consistently in the same direction. The children in our study
population had higher educated mothers (low 16.9%, moderate:
41.3%, high:32.4%) than in the original study cohort (low 23.5%,
moderate: 41.6%, high:28.9%). However, in additional analyses
these variables turned out to be no effect modifier, indicating that
the association of BMI and WC with blood pressure and
cholesterol concentrations is not different in children from high
educated mothers compared with low educated mothers. There-
fore, we assume that the generalisability of our results is not
affected.
Interpretation and Comparison with Previous Studies
In our study, a high BMI and a large WC were associated with
higher systolic and diastolic BP, and higher total and lower HDL
cholesterol concentrations. These results are in line with previous
studies [6–11,21,22]. Several potential mechanisms explaining the
association between excess weight and BP have been hypothesized:
through an increase in the sympathetic nervous activity, insulin
resistance, and arterial stiffness [23]. These factors all increase the
cardiac output and systemic vascular resistance.
We observed similar associations of BMI and WC with BP and
cholesterol concentrations. Only a few studies have examined both
BMI and WC in relation to cardiovascular risk factors [6,11,12].
Although WC is, on theoretical grounds [13], hypothesized to be
more important for cardiovascular risk this has not been
confirmed so far in children. Two studies in the Avon Longitudinal
Study of Parents and Children (ALSPAC) cohort study compared
the magnitudes of the associations between BMI and WC,
respectively, and cardiovascular risk factors [6,11]. In the
ALSPAC cohort study WC did not seem to be more strongly
associated with BP and cholesterol than BMI [6,11]. Maximova
et al. observed similar effects of BMI and WC on changes in
systolic BP in 12- and 13-year-old US children [12]. In younger
children (age 8–10 years) no superior ability of WC to identify
children with elevated systolic BP was shown over BMI [14]. Waist
circumference has been suggested to be a better indicator of total
fat mass, and reflects abdominal fat mass. Research in adults on
the distribution of body fat has shown that a more central
distribution of fat is associated with adverse outcomes [24].
It has been hypothesized that WC is a better marker of
cardiovascular risk factors than BMI is, but this is not supported by
literature on children, as none of the observational studies
described above found differences in the associations of BMI
and WC with cardiovascular outcomes. As long as the preference
of BMI over WC or visa versa is not unambiguous, we suggest that
studies investigating adiposity and cardiovascular risk factors study
both BMI and WC.
In our study, children with a persistently high BMI or WC status
were at increased risk of higher BP and more adverse cholesterol
concentrations than children with a normal-high BMI or WC
status. However, our study also suggests that normal weight
children with a history of overweight are not at increased risk of
higher BP levels and adverse cholesterol concentrations. Because
of the small number of children in the HN and NH subgroups
however, the results of these analyses should be interpreted with
caution. Only two previous studies measured BMI at two time
points [11,25]. Lawlor et al. observed only in girls that a history of
overweight did not put normal weight children at increased risk,
boys who changed from overweight to normal weight showed risk
factor profiles intermediate between those seen in boys who were
normal weight at both ages or overweight at both ages [11].
Mamun et al. showed that children who were overweight at age 5
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years and normal weight at age 14 years did have similar mean
levels of BP compared with children who were normal weight at
age 5 and age 14 years [11,25]. Also in line with our results is their
finding of higher BP levels in children who were overweight at
both 5 and 14 years of age than BP in children who were normal
weight at both ages. However, in contrast with our findings,
Mamun et al. and Lawlor et al. showed higher sBP in children
who were normal weight at 5 and 9–12 years respectively and
overweight/obese at age 14 and 15–16 respectively than in
children that were normal weight at both ages. We did show an
increased risk of higher BP in these children, but our findings were
not statistically significant. The different findings of the present
study compared with the previous studies may be explained by the
larger subgroups higher percentages of obese children in the
previous studies. The results of the previous studies and ours that
normal weight children with a history of overweight were not at
increased risk of high blood pressure suggest that the high-risk
status of overweight children for adult cardiovascular disease may
be reversible. In recent studies on the associations between
childhood obesity and adult cardiovascular disease, obese children
were at increased risk of adult cardiovascular disease. However,
when adult BMI was taken into account, only obese children who
maintained their obesity into adulthood were at increased risk of
cardiovascular disease. These results support the hypothesis that
the high-risk status of overweight children for adult cardiovascular
disease is reversible [26,27].
Concluding Remarks
This study focused on the relative importance of WC in the
associations with BP and cholesterol. We showed similar
associations of BMI and WC with BP and cholesterol concentra-
tions. In our study, normal weight children with a history of
overweight did not have higher BP levels or adverse cholesterol
concentrations than children that were normal weight at both
ages. This may imply that the effects of overweight on
cardiovascular risk factors like BP and cholesterol are reversible,
and that changing from overweight to normal weight status is
worthwhile. The small numbers in the subgroups have to be taken
into account in interpreting these findings. In addition, children
who were overweight at both ages had higher BP levels and more
adverse cholesterol concentrations than overweight 12-year-old
children without a history of overweight. This implies that the
duration of overweight contributes substantially to the risk of
adverse levels of cardiovascular markers in overweight children.
We did not study the changes in BP levels and cholesterol
concentrations with regard to the results on history of overweight.
Many childhood overweight reduction interventions have been
performed so far, and it might be interesting to monitor also
cardiovascular risk factors in these intervention groups.
Author Contributions
Conceived and designed the experiments: MBMB BB AHW. Analyzed the
data: MBMB. Wrote the paper: MBMB BB AHW. Interpretation of the
results: MBMB BB AHW JCdJ GHK HAS MK. Review and revision of
the manuscript: JCdJ GHK HAS MK. Principle investigators of the study
and responsible for the study design and data collection: BB MK JCdJ
AHW HAS.
References
1. Baker JL, Olsen LW, Sorensen TI (2007) Childhood body-mass index and the
risk of coronary heart disease in adulthood. N Engl J Med 357: 2329–37.
2. Bjorge T, Engeland A, Tverdal A, Smith GD (2008) Body mass index in
adolescence in relation to cause-specific mortality: a follow-up of 230,000
Norwegian adolescents. Am J Epidemiol 168: 30–7.
3. Owen CG, Whincup PH, Orfei L, Chou QA, Rudnicka AR, et al. (2009) Is body
mass index before middle age related to coronary heart disease risk in later life?
Evidence from observational studies. Int J Obes (Lond) 33: 866–77.
4. Cornier MA, Marshall JA, Hill JO, Maahs DM, Eckel RH (2011) Prevention of
overweight/obesity as a strategy to optimize cardiovascular health. Circulation
124: 840–50.
5. Lloyd LJ, Langley-Evans SC, McMullen S (2012) Childhood obesity and risk of
the adult metabolic syndrome: a systematic review. Int J Obes 36: 1–11.
6. Falaschetti E, Hingorani AD, Jones A, Charakida M, Finer N, et al. (2010)
Adiposity and cardiovascular risk factors in a large contemporary population of
pre-pubertal children. Eur Heart J 31: 3063–72.
7. Gopinath B, Baur LA, Garnett S, Pfund N, Burlutsky G, et al. (2011) Body mass
index and waist circumference are associated with blood pressure in preschool-
aged children. Ann Epidemiol 21: 351–7.
8. Larsson C, Hernell O, Lind T (2011) Moderately elevated body mass index is
associated with metabolic variables and cardiovascular risk factors in Swedish
children. Acta Paediatr 100: 102–8.
9. Tybor DJ, Lichtenstein AH, Dallal GE, Daniels SR, Must A (2011) Independent
effects of age-related changes in waist circumference and BMI z scores in
predicting cardiovascular disease risk factors in a prospective cohort of
adolescent females. Am J Clin Nutr 93: 392–401.
10. Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, et al. (2004)
Obesity and the metabolic syndrome in children and adolescents. N Engl J Med
350: 2362–74.
11. Lawlor DA, Benfield L, Logue J, Tilling K, Howe LD, et al. (2010) Association
between general and central adiposity in childhood, and change in these, with
cardiovascular risk factors in adolescence: prospective cohort study. Bmj 341:
c6224.
12. Maximova K, O’Loughlin J, Paradis G, Hanley JA, Lynch J (2010) Changes in
anthropometric characteristics and blood pressure during adolescence. Epide-
miology 21: 324–31.
13. Maynard LM, Wisemandle W, Roche AF, Chumlea WC, Guo SS, et al. (2001)
Childhood body composition in relation to body mass index. Pediatrics 107: 344–50.
14. Maximova K, Chiolero A, O’Loughliin J, Tremblay A, Lambert M, et al. (2011)
Ability of different adiposity indicators to identify children with elevated blood
pressure. J Hypertens 29: 2075–83.
15. Abdullah A, Wolfe R, Stoelwinder JU, de Courten M, Stevenson C, et al. (2011)
The number of years lived with obesity and the risk of all-cause and cause-
specific mortality. Int J Epidemiol 40: 985–96.
16. Brunekreef B, Smit J, de Jongste J, Neijens H, Gerritsen J, et al. (2002) The
prevention and incidence of asthma and mite allergy (PIAMA) birth cohort
study: design and first results. Pediatr Allergy Immunol 13 Suppl 15: 55–60.
17. Fredriks AM, van Buuren S, Burgmeijer RJ, Meulmeester JF, Beuker RJ, et al.
(2000) Continuing positive secular growth change in The Netherlands 1955–
1997. Pediatr Res 47: 316–23.
18. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH (2000) Establishing a standard
definition for child overweight and obesity worldwide: international survey. Bmj
320: 1240–3.
19. Carskadon MA, Acebo C (1993) A self-administered rating scale for pubertal
development. J Adolesc Health 14: 190–5.
20. Efron B, Tibshirani RJ (1993) An introduction to the bootstrap: Chapman and
Hall.
21. Freedman DS, Serdula MK, Srinivasan SR, Berenson GS (1999) Relation of
circumferences and skinfold thicknesses to lipid and insulin concentrations in
children and adolescents: the Bogalusa Heart Study. Am J Clin Nutr 69: 308–17.
22. Watts K, Bell LM, Byrne SM, Jones TW, Davis EA (2008) Waist circumference
predicts cardiovascular risk in young Australian children. J Paediatr Child
Health 44: 709–15.
23. Davies AA, Smith GD, Ben-Shlomo Y, Litchfield P (2004) Low birth weight is
associated with higher adult total cholesterol concentration in men: findings
from an occupational cohort of 25,843 employees. Circulation 110: 1258–62.
24. Ashwell M, Gunn P, Gibson S (2011) Waist-to-height ratio is a better screening
tool than waist circumference and BMI for adult cardiometabolic risk factors:
systematic review and meta-analysis. Obes Rev.
25. Mamun AA, Lawlor DA, O’Callaghan MJ, Williams GM, Najman JM (2005)
Effect of body mass index changes between ages 5 and 14 on blood pressure at
age 14: findings from a birth cohort study. Hypertension 45: 1083–7.
26. Juonala M, Magnussen CG, Berenson GS, Venn A, Burns TL, et al. (2011)
Childhood adiposity, adult adiposity, and cardiovascular risk factors.
N Engl J Med 365: 1876–85.
27. Nadeau KJ, Maahs DM, Daniels SR, Eckel RH (2011) Childhood obesity and
cardiovascular disease: links and prevention strategies. Nat Rev Cardiol 14: 513–
25.
28. Zimmet P, Alberti G, Kaufman F, Tajima N, Silink M, et al. (2007) The
metabolic syndrome in children and adolescents. Lancet 369: 2059–61.
Waist Circumference, Blood Pressure & Cholesterol
PLOS ONE | www.plosone.org 8 December 2012 | Volume 7 | Issue 12 | e51801
